The influence of monensin level (0, 6.1, 12.2, 18.3 and 36.6 ppm) on diet fiber digestibility, mocrobial protein synthesis and ruminal escape of dietary protein was evaluated in two steer metabolism trials. A growth trial was conducted to study possible interactions of forage quality and monensin level. In metabolism trial 1, four ruminal-cannulated steers were assigned to four monensin levels in a 4 • 4 Latin square design to measure fiber digestibility, rate of passage and protein metabolism. In metabolism trial 2, five duodenal-cannulated steers were assigned to five monensin levels in a 5 • 5 Latin square design to measure fiber digestibility, bacterial N flow and plant N flow. In the two metabolism trials, the level of monensin influenced organic matter (OM) digestibility, neutral detergent fiber (NDF) digestibility and ruminal NDF digestibility quadratically, with the intermediate levels of monensin being superior either to the high level of monensin or no monensin. A quadratic increase in particulate disappearance rate (P=.09) and no effect (P=.95) on liquid disappearance were also observed in trial 1. In trial 1, monensin level quadratically decreased (P=.IO) the bacterial protein concentration and increased (P=.02) the ratio of total N:diarninopirnilic acid in whole tureen contents. In trial 2, no overall difference in duodenal N flow (P=.64) or flow of individua/ amino acids (P=.46) was observed. In the growth trial, no interaction of cornstalk quality and monensin was observed (P<.38). Monensin linearly decreased feed intake (P--.09) and quadratically affected daily gain (P=.03) and feed/gain (P=.07). The lO0-mg level, which corresponds to the 18.3-ppm level in the metabolism trials, was superior to either the O-or 200-rag level in this trial (P=.07).
I ntroduction
Research has shown that feeding monensin to ruminants decreases the molar percentage of acetic acid and increases propionic acid in the rumen, and that increased propionate production is energetically more efficient (Raun et al., 1976; Richardson et al., 1976) . Simpson (1978) and Whetstone et al. (1981) found monensin to be an inhibitor of cellulolyric activity in vitro when inoculum from unadapted and adapted animals was used, respectively. Monensin feeding has been shown to reduce feed intake and digestibility of high-fiber diets (Poos et aI., 1979) ; however, when animals were adapted to monensin, improvements in digestibility (Pond and Ellis, 1979; Pond et al., 1980) (Oliver, 1975; Boling et al., 1977) were observed. The improvements in digestibility of high-fiber diets were highest at intermediate levels of monensin (e.g., 100 mg), while little or no improvement was observed at higher levels (>200 rag; 0liver, 1975; Pond and Ellis, 1979; Poos et al., 1979; Pond et al., 1980) . Although the intermediate levels of monensin appear to be optimum for fiber digestion, much of the "protein sparing" research was done at high (>200 mg) levels of monensin (Hansen and Poos et al., 1979; Thompson and Riley, 1980) . Trials were designed with the following objectives: (1) to determine the influence of monensin level on dry matter and fiber digestibility in vivo, (2) to determine simultaneously the effect of monensin level on ruminal bacterial N concentrations and flow of bacterial and diet N to the small intestine and (3) to look for possible interactions of forage quality and monensin level. steers (260 kg) were assigned to four treatments in a 4 x 4 Latin square design. The four diets were 80% cornstalks (IFN 1-02-776), which were harvested after dry grain harvest, and 20% supplement (table 1) to supply O, 6.1, 18.3 and 36.6 ppm monensin. Before the trial started, the steers were fed ad libitum the diet containing 36.6 ppm monensin. All steers were then fed 5.2 kg dry matter (DM) once daily.
Each experimental period consisted of a 10-d adjustment period, a 7-d total fecal collection period and a 4-d sampling period. Digestibility of neutral detergent fiber (NDF; Van Soest and Marcus, 1964) and organic matter (OM; AOAC, 1975) were determined. During the sampling period, the steers were dosed intraruminally with no mixing just before feeding with chromium-mordanted fiber (Uden et al., 1980 ) (Cr=.5% diet DM) and polyethylene glycol (PEG=.1% diet DM). Ruminal digesta samples (400 ml) were taken 4, 8, 12, 24, 48 and 72 h after dosing. Microbial activity was arrested by adding 3 ml of a 5% HgC12 solution to each sample. The samples were composited from four ruminal locations and divided into two parts. One part was centrifuged at 500 x g for 15 min to partition the digesta into liquid and particulate fractions.
The liquid fractions were decanted and stored frozen for PEG analyses (Ulyatt, 1964) . Particulate fractions were dried in a forced-air oven at 65 C for 40 h and ground through a l-ram screen for chromium analyses by atomic absorption (AOAC, 1975) . Rates of passage were calculated as the regression coefficient x 100 of the natural log of PEG or Cr concentration vs time.
The second part of the rumen sample was dried in a forced-air oven at 65 C for 40 h and ground through a l-ram screen before analysis. Only the 4-, 8-, 12-and 24-h samples were analyzed for N (AOAC, 1975) and diaminopimelic acid (DAP). The DAP content was determined by gas-liquid chromatography (Kaiser et al., 1974) and calculated by methods outlined by Ryan (1980) .
On the last 2 d of the sampling period, an in situ experiment was conducted to evaluate cellulose disappearance. One-gram samples of solka floe were placed in 9 • 12 cm Dacron bags with a pore size of 35 of 75 gin. Two bags were removed at 6, 12, 24 and 48 h and analyzed for NDF (Van Soest and Marcus, 1964) . Rates of digestion were calculated as the regression coefficient • 100 of the natural log of the percentage of NDF remaining. Due to the failure of one steer to consume the diet at 5.2 kg, one cell of the Latin square was missing. Analysis of variance was performed as outlined by Steel and Torrie (1960) . Least-squares means and Type IV sums of squares were computed using statistical Analysis Systems (SAS, 1979) procedures to account for the missing cell. Orthogonal comparisons made were linear, quadratic and cubic.
Trial 2. Five duodenal-cannulated steers (250 kg) were assigned to five treatments in a 5 • 5 Latin square design. Diets were formulated to contain 11.5% crude protein and were based on 84.5% ensiled cornstalks that were harvested at high-moisture corn harvest, and 15.5% supplement (table 1). Monensin was added to the diet to supply 0, 6.1, 12.2, 18.3 and 36.6 ppm. Indigestible acid detergent fiber (IADF) and PEG were used as markers to measure flow of particulate and liquid fractions of the digesta, respectively. Flow rates of the total digesta were calculated by reconstitution from liquid and particulate fractions as described by Faichney (1975) .
Before the start of the trial, the steers were fed ad libitum the diet containing 36.6 ppm monensin for 60 d to ensure monensin adaptation. All steers were fed 1.8% of body weight (DM) throughout the trial in equal quantities every 2 h. Each level of monensin followed the next lower level, with no monensin following the highest level.
Each experimental period consisted of a 10-d adjustment period, a 7-d total fecal collection period and a 5-d sampling period. Samples of duodenal digesta (300 ml) were taken at 0900 h each day of the sampling period, 1 h after feeding. Samples were centrifuged at 500 • g for 15 min to partition the digesta into liquid and particulate fractions. Liquid fractions were decanted and stored frozen. Particulate fractions were frozen at -40 C, lyophylized and ground through a 1-mm screen before laboratory analysis. Analysis for NDF, OM, N and PEG were as in trial 1. Ammonia N of the liquid was determined by a modification (Streeter et al., 1970) of the technique described by Muramatsu (1967) . The IADF content of feed and duodenal particulate fractions was determined by methods outlined by Waller (1978) using a 96-h in vitro fermentation procedure (Tilley and Terry, 1963) followed by digestion in acid detergent solution (Goering and Van Soest, 1970) . Diaminopimelic acid and other amino acids were determined by gas-liquid chromatography (Kaiser et al., 1974) and calculated by methods outlined by Ryan (1980) . Data were analyzed as in trial 1 with similar orthogonal comparisons.
Diaminopimelic acid:N ratios were determined independent of both metabolism trials to evaluate whether this ratio was altered by level of monensin addition. Nine mature, ruminalcannulated crossbred steers were fed the fiber diets fed in the duodenal trial, except that soybean meal was replaced by molasses and urea and corn stalks were replaced with ensiled corncobs. Two steers were fed each diet, except that one was fed at the 6.1-ppm level of monensin. A 41-d prefeeding period was followed by sampling of rumen contents 23 h post-feeding on d 42. Nitrogen (nonammonia) and DAP were determined on whole rumen contents as previously described. Acid detergent insoluble N was subtracted from total N.
Trial 3. Cornstalks were harvested at highmoisture corn harvest, ensiled and fed to 96 steers and 96 heifers for a 117-d trial. There were 12 pens each of steers and heifers with eight/pen. Based on laboratory data (McDonneLl, 1982) , two varieties of cornstalks from irrigated or dryland conditions were selected to obtain differences in quality. The stalklages were supplemented with .9 kg'head -1 "d -1 of a protein supplement (table 1) and three levels of monensin (0, 100, 200 mg'head -1 "d -1) in a 3
• 2 • 2 factorial arrangement with a steer and a heifer replication. Calves were weighed in the morning before feeding for consecutive ds at the beginning and end of the trial.
Samples were obtained from each truckload of cornstalks before ensiling, frozen (-40 C) and composited for analysis. The cornstalks were dried by lyophilization to reduce loss of soluble carbohydrates (Johnson et al., 1966) and ground through a 1-mm screen. Samples were analyzed for DM and N (AOAC, 1975) and in vitro dry matter disappearance (IVDMD; Tilley and Terry, 1963) .
Analysis of variance was performed as outlined by Steel and Torrie (1960) . Leastsquares means and orthogonal comparisons were computed using SAS (1979) procedures. Orthogonal comparisons made were linear and quadratic.
Results and Discussion
The correlation of N:DAP in whole rumen contents to monensin level was not significant Therefore the average N:DAP ratio (22.4) was used for calculation in metabolism trial 2. Klopfenstein and Brirton (1984) showed that bacterial cells cannot be totally removed from fiber particles and the N:DAP ratio may vary between free and attached cells. Whole rumen contents were analyzed to minimize this problem. Samples were taken 23 h post-feeding to minimize the effect of the small amount of protein from the cobs and molasses in the diets. The average value obtained is within the range of literature values (Hutton et al., 1971; Harrison and McAUen, 1980) . Trials 1 and 2. Level of monensin in highfiber diets influenced OM digestibility (P=.01) and NDF digestibility (=.08) quadratically, with the intermediate levels of monensin being superior to either the high levels of monensin or no monensin (trials 1 and 2; table 2). Oliver (1975) observed a similar quadratic response in animal performance when a high-fiber diet was supplemented with monensin. Other researchers have also shown improvements in digestibility (Pond and Ellis, 1979) and performance (Boling et al., 1977) at low levels of monensin (<100 rag), while at higher levels (>200 mg) less improvement has been observed (Pond et al., 1980) . In situ cellulose disappearance was influenced in a cubic manner (P=.01; trial 1; table 2). The low disappearance rate at 18.3 ppm monensin may be due to a lack of adaptation. In the experiment, the 18.3-ppm level followed the 0 level in three of the four periods. The low ruminal fiber digestion at 6.1-ppm seen in trial 2 (table 2) may have also been due to a lack of adaptation because, in this trial, the 6.1-ppm level always followed the 0 level. Poos et al. (1979) reported that monensin supplementation caused DM and fiber digestibilities to be decreased initially, indicating adaptation of cellulolytic bacteria such as Bacteriodes succinogenes to monensin (Chen and Wolin, 1979; Henderson et al., 1981) .
In trial 1, an increase in particulate disappearance rate (P--.09) was observed; however, no effect (P=.95) was observed on rate of liquid disappearance (table 2) . These data differ somewhat from results that have been observed at ad Iibitum intake where rates of passage were decreased by monensin on high-fiber diets (Lemanager et al., 1978; Pond and Ellis, 1979; Pond et al., 1980) .
In trial 1, monensin quadratically decreased (P~.10) bacterial protein concentration (DAP) and quadratically increased (P=.02) the ratio of total N:DAP in rumen dry matter (table 2). The larger ratio (N:DAP) indicated that less protein was broken down and(or) less bacterial protein was synthesized.
In trial 2, there was no difference in duodenal nonammonia nitrogen flow or flow of individual amino acids (tables 2 and 3). Poos et al. (1979) , Isichei and Bergen (1980) and trial 1 results suggest that reduced microbial protein synthesis and increased diet protein escape occur with 200 mg'head -i'd -1 monensin. The tendency at that monensin level (36.6 ppm) in trial 2 agrees, but the response was small and nonsignificant. Differences in time of adaptation may be important. Significant quadratic effects of monensin level on DM and NDF digestibilities in trials 1 and 2 suggest that the 36.6-ppm level of mo- CDry matter basis.
nensin is too high for high-fiber diets. The overall effects on protein metabolism were small but the highest numerical duodenal flow was at 18.3 ppm monensin. These results, plus those from the growth trial, suggest that 18.3 ppm (100 mg'head-l"d -1) monensin is the level of choice on high-fiber diets. This level is lower than the 200 mg'head -i'd -~ that has been recommended (Hansen and . Trial 3. The two varieties of cornstalks planted under irrigated or dryland conditions resulted in a range in quality, as measured by IVDMD (table 4) . Increased quality produced increased daily gain, increased feed intake and improved feed efficiency (table 5) . Irrigation reduced animal daily gain (P=.0001), feed intake (P=.008) and feed/gain (P=.08). Also, variety influenced daily gain (P=.01), with variety B resulting in improved gain compared with variety A. McDonnell (1982) found differences in IVDMD due to variety of corn and to irrigated vs dryland conditions. These data suggest that differences exist that can be expressed in actual animal performance.
No interaction of cornstalk quality and monensin was observed. Monensin level did have a linear effect (P=.09) on feed intake and quadratic effects on daily gain (P=.03) and feed/gain (P=.07; table 5). The 100-mg level was superior to either the 0-or 200-mg level in this trial. This improvement in performance may have been in part due to increased fiber digestion and increased propionate production because excess protein was fed so that protein sparing would not be a factor. These data further illustrate that the 100-mg (18.3 ppm) level is superior to the 200-mg (36.6 ppm) level in these high-fiber diets. This agrees with the results of Oliver (1975) , who showed maximum response to 100 mg monensin on a high-fiber diet. 
